Objectives To determine the effect of Haemophilus influenzae type b vaccination and its timing on the risk of type 1 diabetes in Finnish children.
Introduction
Damage of the pancreatic cells leading to type 1 diabetes in genetically susceptible individuals is believed to be induced by environmental risk factors. The effect of infection or immunisation on the development of type 1 diabetes has been discussed widely for several decades. Some investigators have suggested that certain vaccines-and particularly the timing of vaccination-might either trigger the development of type 1 diabetes or protect against it. [1] [2] [3] [4] [5] Most information concerning the effect of vaccines on the pancreatic cells derives from animal studies. It has been suggested that whole cell pertussis vaccine can have an adjuvant effect leading to an autoimmune process and cell damage. 6 In an animal model, however, induction of type 1 diabetes can be prevented by a single injection of BCG vaccine, 7 or complete Freund's adjuvant. 8 9 Epidemiological studies of the association between vaccinations and risk of type 1 diabetes are rare. One Swedish study found a decreased risk of type 1 diabetes among children vaccinated against measles. 1 The results of two recently published cohort studies from Sweden show that neither pertussis nor BCG vaccinations have a significant effect on the incidence of type 1 diabetes. 10 11 A case-control study of BCG vaccination in Canada also failed to show that the vaccine protected against the development of type 1 diabetes. 12 The possibility that the elimination of naturally acquired mumps infection by vaccination may reduce the risk of type 1 diabetes has been also discussed. 2 In a large trial in 1985-7, a polysaccharide-protein conjugate vaccine was shown to be 90% effective in protecting against H influenzae type b. 13 Since 1988 the vaccine has been available for all Finnish children. Classen and Classen speculated that the start of nationwide vaccination in the 1980s seems to be associated temporally with the accelerated increase in the incidence of type 1 diabetes in young children in Finland. 4 Because of the design of the original vaccine trial, we had a unique opportunity to determine the possible effect of H influenzae type b vaccination and its timing on the risk of type 1 diabetes.
Subjects and methods

Efficacy of H influenzae type b vaccine
All children born between 1 October 1985 and 31 August 1987 were eligible to participate in an efficacy trial of H influenzae type b vaccine (H influenzae type b capsular polysaccharide conjugated to diphtheria toxoid 13 ). Children born on odd numbered days were scheduled to receive the conjugate at 3, 4, and 6 months of age followed by a booster dose at 14 to 18 months of age. The control group consisted of children born on even numbered days. They were scheduled to receive H influenzae type b vaccine at 24 months of age only. All the children were also vaccinated according to the routine immunisation programme consisting of BCG vaccine during the first week of life, pertussis, diphtheria, and tetanus vaccine Overall, 98% of children were vaccinated. 13 The median age of the children when vaccinated with H influenzae type b was 3.1 months for the first dose, 4.2 months for the second dose, 6.4 months for the third dose, and 17.3 months for the booster dose. The median age of the control group when vaccinated was 24.6 months.
13
Population
The data on births were obtained from the Finnish medical birth registry, which is updated continuously by the National Research and Development Centre for Welfare and Health.
We compared the risk and the cumulative incidence of type 1 diabetes among three birth cohorts of children. Cohort 1 comprised 128 936 children born from 1 October 1983 to 1 September 1985, 24 months before the H influenzae type b vaccination period.
The birth cohort from 1 October 1985 to 31 August 1987 comprised 116 352 children eligible for enrolment in the efficacy trial. This cohort was divided into two further cohorts. Cohort 2 comprised children born on odd numbered days-that is, children vaccinated with H influenzae type b at 3, 4, 6, and 14-18 months of age. Cohort 3 comprised children born on even numbered days-that is, children vaccinated at 24 months of age only.
New cases of type 1 diabetes diagnosed in these cohorts were ascertained during the period from 1 October 1983 to 31 December 1986 through the nationwide hospital discharge registry and, after the beginning of 1987, through the nationwide prospective childhood diabetes registry. Both of these data sources have been found to have complete coverage, and thus all cases of type 1 diabetes diagnosed in these cohorts up to December 1997 were identified.
Analysis of the birth cohort data
We used regression analysis to estimate the probability of type 1 diabetes. We assumed that all children in cohorts 2 and 3 received vaccine as scheduled and that there were no losses to follow up and no competing risks. Each child was followed up for 10 years. Data were analysed as counts of cases with denominators being the number of children at risk. The binomial model was obtained assuming that the probability of becoming diabetic was the same for each child and that outcomes were independent. The differences in the risk of type 1 diabetes between cohorts were estimated by calculating (a) the risk ratio between cohort 1 and cohort 2 by comparing the risk in children born before the vaccination study period with the risk in children who received the H influenzae type b vaccine at 24 months of age, and (b) the risk ratio between cohort 2 and cohort 3 by comparing the risk in children in the two arms of the vaccination study-that is, by comparing those children who received the H influenzae type b vaccine in early infancy with those who received it at 24 months of age. Figure 1 shows the cumulative incidence of type 1 diabetes in cohorts 2 and 3. When the children were aged 10 years, the cumulative incidence of type 1 diabetes was 397 per 100 000 person years in children vaccinated first at the age of 3 months (cohort 2), and 375 per 100,000 person years in the cohort of children vaccinated at the age of 24 months only (cohort 3).
Results
By
There was no statistically significant difference in the risk of type 1 diabetes between the children born before the vaccination period (cohort 1) and the children vaccinated at the age of 24 months only (cohort 3) at any point during the 10 years' follow up (relative risk 1.01). This comparison showed that when the potential effect of H influenzae type b vaccination at a very early age was ruled out, the risk of type 1 diabetes was equal in the vaccinated and nonvaccinated children. The risk did not differ significantly between the cohort of children vaccinated in infancy (cohort 2) and the cohort of children vaccinated at the age of 24 months only (cohort 3) either (relative risk 1.06, table 2). Thus the probability of becoming diabetic was the same for each child and was not influenced by H influenzae type b vaccination or its timing. 
Discussion
In Finland, the incidence of type 1 diabetes in children aged 14 years or under is the highest in the world, and its incidence has been increasing by 2-3% per year since the mid-1960s. [14] [15] [16] [17] [18] [19] Our previous studies have confirmed that this increase is real, and not due to changes in diagnostic patterns. [17] [18] [19] The incidence exceeded 40 per 100 000 people per year in 1994, and in 1996 it was the highest recorded at 45 per 100 000 people per year. 19 Actually, the long term increase in incidence has been virtually linear since 1965 18 19 or even since 1953 when the incidence in Finland nationwide was estimated for the first time. 20 Our previous analysis of birth cohort effects, of children born from 1965 to 1984, showed that the increase in incidence was mainly related to the time period and that all childhood age groups were similarly affected. 17 Since the mid-1980s, however, the increase in incidence of type 1 diabetes has been significantly greater in children aged 4 years or under than in older children. 19 A more detailed analysis of the change in incidence shows that the relative increase within the 1-4 year old age group has been 4.5%, 6.3%, and 4.8% per year during the three periods 1965 to 1974, 1975 to 1984, and 1985 to 1996 respectively. Thus, the difference in incidence trends between age groups seems to be mainly due to a lesser increase among the oldest children rather than an accelerated increase among the youngest ones.
Childhood immunisation has a long history in Finland (table 3) . BCG vaccination was started at the beginning of the 1940s, and the immunisation programme has been expanded during the past 40 years. At present, 96%-99% of Finnish children have been vaccinated against nine bacterial or viral infections before the age of 2 years. 21 The incidence of type 1 diabetes has been increasing linearly, particularly among young children, since the early 1950s in Finland; thus it is very likely that the incidence was already increasing in Finland before the first nationwide childhood immunisation programme, with BCG vaccine, was started in 1941. [17] [18] [19] The steady increase in incidence of type 1 diabetes concomitantly with the gradual expansion of the immunisation programme does not permit any particular vaccination scheme to be pinpointed as being responsible for the increase, nor enable it to be ascertained whether some vaccines may decrease the risk of type 1 diabetes (fig 2) .
It is very difficult to evaluate possible long term unwanted consequences of immunisation and their timing using a controlled setting. 22 The efficacy in preventing the target infection disease and short term safety can be obtained through studies of a relatively short duration. Once the efficacy has been confirmed it is therefore neither justified nor ethical to keep control groups of children non-vaccinated for 10 years or longer just as reference for the potential unknown long term consequences of vaccinations to become apparent in vaccinated children. Historical controls-that is, birth cohorts born before the start of a vaccination programme-can be used, but they are less than ideal as many other and often unknown factors may influence secular trends between birth cohorts. Nevertheless, it is important to attempt to collect long term safety data on vaccination whenever possible. The results of this study based both on a randomised design and on the use of historical controls show that it is very unlikely that H influenzae type b vaccination or its timing causes type 1 diabetes in Finnish children.
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